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(57) [Abstract] 
[Object] 
resistance. 



To obtain copper alloys with excellent discharge abrasion 



[Means] A copper alloy containing 0.01 -1 .0 wt p 4_Si and further 



wt% Mg, 0.01 - 1.0 wt% Al, 0.01 



containing a total of 0.01 - 6.0 wt% of one or more of the following: 0.01 - 1 .0 

1 .0 wt% / Ti/0.01 - 1 .0 wt%|Cr^.01 - 1 .0 wt% 
Mn, 0.01 - 3.0 wt% Fe, 0.01 - 3.0 wt°/cp7o.01 - 4.0 wt% Ni, 0.01 - 5.0 wt% 
Zn, 0.01 - 1 .0 wt% Zr, 0.01 - 1 .0 wt%/Ag, and 0.01 - 2.0 wt% Sn as needed, 



with the remainder being copper and unavoidable impurities. 




In fig: Slit spacing (0.5 mm) 
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[Scope of Patent Claim] 
[Claim 1] 

A copper alloy with excellent discharge abrasion resistance, characterized 
in that it contains 0.1 - 1 .0 wt% Si, with the remainder being copper and 
unavoidable impurities. 

[Claim 2] 

A copper alloy containing 0.01 -1.0 wt% Si and further containing a total of 
0.01 - 6.0 wt% of one or more of the following: 0.01 - 1.0 wt% Mg, 0.01 - 1 .0 wt% 
Al, 0.01 - 1.0 wt% Ti, 0.01 - 1.5 wt% Cr, 0.01 - 1.0 wt% Mn, 0.01 - 3.0 wt% Fe, 
0.01 - 3.0 wt% Co, 0.01 - 4.0 wt% Ni, 0.01 - 5.0 wt% Zn, 0.01 - 1.0 wt% Zr, 
0.01 - 1 .0 wt% Ag, and 0.01 - 2.0 wt% Sn as needed, with the remainder being 
copper and unavoidable impurities. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention pertains to copper alloys used in parts that are 
exposed to discharge abrasion, such as motor switches and various types of ' 
contacts, etc. 

[0002] 

[Prior Art] 

Oxygen-free copper, tough-pitch copper, phosphorus-deoxidized copper, 
silver-added copper, etc., with high conductivity have been used in the past as 
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the materials for motor switches and contacts. This is because materials with a 
high conductivity generate little Joule heat at the contact and also have a strong 
heat-releasing effect and therefore, an increase in the temperature of the 
contacts can be prevented and the amount of discharge is low. However, there 
is a demand for switches and various contact parts used in automobiles, etc., 
with even longer life because of the need for improved reliability. Therefore, the 
development of a copper alloy with excellent discharge abrasion resistance to 
replace the above-mentioned pure copper materials has become necessary. 
[0003] 

[Problems to be solved by the invention] 

The present invention is presented in light of the above-mentioned 
problems of the prior art, its object being to present copper alloys with excellent 
discharge abrasion resistance. 

[0004] 

[Means for solving problems] 

The copper alloys with excellent discharge abrasion resistance of the 
present invention are characterized in that they contain 0.1 - 1 .0 wt% Si, with the 
remainder being copper and unavoidable impurities. They further contain a total 
of 0.01 - 6.0 wt% of one or more of the following: 0.01 - 1.0 wt% Mg, 0.01 - 1.0 
wt% Al, 0.01 - 1.0 wt% Ti, 0.01 - 1.5 wt% Cr, 0.01 - 1.0 wt% Mn, 0.01 - 3.0 wt% 
Fe, 0.01 - 3.0 wt% Co, 0.01 - 4.0 wt% Ni, 0.01 - 5.0 wt% Zn, 0.01 - 1.0 wt% Zr, 
0.01 - 1.0 wt% Ag, and 0.01 - 2.0 wt% Sn as needed. 

[0005] 
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The reasons for adding each component of the copper alloys pertaining to 
the present invention and the reasons for restricting their composition are 
explained below: 

Si: 0.1 = 1.0 wt% 

Si is an essential component of the alloys of the present invention. The 
oxide of Si (Si0 2 ) produces little free energy and has a high melting point 
(1,720°C). Therefore, it is stable at high temperatures. It also has a high 
electrical resistance at high temperatures (3 x 10 2 Q • m at 1,200°C). On the 
other hand, it appears that discharge occurs due to interaction between electrons 
emitted from the material surface and metal vapor during the time when the 
contacts, which have generated heat with the conduction of electricity, are turned 
OFF. Alloys containing Si are responsible for rapidly extinguishing discharge 
during this time because an oxide film is readily produced on the material surface 
and this oxide surface is stable and has high electrical resistance at high 
temperatures. The inventors successfully completed the present invention upon 
discovering that in addition to conductivity, this extinguishing effect is important in 
parts that undergo discharge abrasion, such as switches and various types of 
contact parts, etc. This effect will be insignificant if the Si content is less than 0.1 
wt%, while if content exceeds 1.0 wt%, this effect will be saturated and there will 
be a reduction in conductivity and deterioration of hot workability. Consequently, 
the Si content is set at 0.1 - 1.0 wt%. The particularly preferred range is 0.2 - 
0.8 wt%. 

[0006] 
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Mg, Al, Mn, Ag: 0.01 - 1.0 wt% each 
Zn: 0.01 - 5.0 wt% 
Sn: 0.01 -2.0 wt% 

These elements are added for the purpose of further strengthening the 
solid solution of the Cu-Si alloy. The most important property of contact 
materials is discharge abrasion resistance, but the amount of mechanical wear 
as a result of repeatedly turning the contacts ON and OFF should also be small. 
Consequently, these elements are added as needed in order to improve abrasion 
resistance. This effect is minimal when the content of each of these is less than 
0.01 wt%. Moreover, if the content of each of these elements exceeds its upper 
limit, the effect will be saturated, and with the exception of Ag, there will be a 
marked reduction in conductivity. Furthermore, Ag is expensive and the above- 
mentioned upper limit was set taking into consideration economic constraints as 
well. The preferred contents of each are 0.01 - 0.6 wt% Mg, Al, Mn and Ag 
each, 0.03 - 3.5 wt% Zn, and 0.1-1.5 wt% Sn. 

[0007] 

Ti, Zr: 0.01 - 1 .0 wt% each 
Cr: 0.01 -1.5 wt% 
Fe, Co: 0.01 - 3.0 wt% each 
Ni: 0.01 -4.0wt% 

These elements form a compound with Si that precipitates and hardens 
when they are added to Cu-Si alloys. As in the case of the above-mentioned 
elements, they are added as needed for the purpose of improving abrasion 
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resistance. This effect will be minimal if the content of each of these is less than 
0.01 wt%, while if the content of each of the elements exceeds the upper limit, 
this effect will be saturated and there will be a marked reduction in conductivity. 
Consequently, the above-mentioned upper and lower limits were established. 
The preferred contents are: 0.05 - 1 .0 wt% Ti, 0.01 - 0.3 wt% Zr, 0.05 - 1 .0 wt% 
Cr, 0.1 - 2.5 wt% Fe and Co each, and 0.3 - 4 wt% Ni. 
[0008] 

Furthermore, two or more of the above-mentioned components can be 
combined and added. If the total amount is less than 0.01 wt%, the effect of 
improving strength will be insignificant, while if the total amount exceeds 6.0 wt%, 
there will be a marked reduction in conductivity. Consequently, the total amount 
when they are added in combination with one another was set at 0.01 - 6.0 wt%. 
0.5 - 3% is preferred. The combination of Ti (orZr, Cr, Fe, Co, Ni) and Mg (or 
Al, Mn, Ag, Zn, Sn) is given as a preferred combination of auxiliary components. 

[0009] 

[Examples] 

Examples of the present invention will be described below in comparison 
with comparative examples. Copper alloys with the compositions shown in Table 
1 were melted and cast in air and covered with charcoal using a kryptol furnace 
to obtain ingots that were 50 mm thick, 75 mm wide and 180 mm long. After 
machining the front and back of these ingots, they were hot-rolled to a thickness 
of 15 mm at a temperature of 950°C. Then, after removing the oxidation scale 
with a grinder, they were cold-rolled and annealed for 1 hour at a temperature of 
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500°C. They were brought to a thickness of 4.0 mm by final cold rolling. The 
Vickers hardness and the conductivity of the copper alloys of the present 
invention and comparative alloys are shown in Table 1. 



[0010] 
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[0011] 

Next, abrasion tests conducted by rotating specimens while conducting 
electricity were performed on the copper alloys of the present invention as well 
as comparative alloys. The tests were performed using the test device shown in 
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Figure 1 for rotating while conducting electricity. As shown in the figure, Alloy 
Nos. 1 - 17 of the present invention and Comparative Alloy Nos. 18-21 were 
worked into discs with dimensions of 40 mm <j> x 4 mm t and divided into 4 equal 
pieces to obtain test piece 1. These [equal pieces] were placed between 
insulators 1 1 to obtain a rotating object with 4 poles. One end of carbon brushes 

2 and 2 was brought into contact with the bipolar surfaces of this rotating object 
and the bottom ends of flat springs 3 and 3 were joined with the other end. One 
end of pressing tools 9 and 9 were joined with the tops of these flat springs 3 and 

3 and weights 4 were connected to the other ends. Furthermore, 10 is a lead 
wire for conducting electricity that is joined to test piece 1 , 5 is a wire that is 
joined to carbon brushes 2 and 2, 6 is a direct-current power source, 7 is an 
ammeter, and 8 is the support for the pressing tools. 

[0012] 

By means of the above-mentioned device, the contact pressure between 
test piece 1 and carbon brush 2 was adjusted to 435 g/cm 2 using weight 4. 
Under these conditions, electricity was conducted to test piece 1 at a current 
density of 0.2 A/mm 2 and the motor was turned at a peripheral speed of 6.3 
m/sec (rotational speed: 3,000 rpm) to perform abrasion tests by rotating while 
conducting electricity. The ambient atmosphere was air at 15°C and the amount 
of wear of test piece 1 after 400 hours was determined. The results are also 
shown in Table 1. 

[0013] 
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The alloys of the present invention contain 0.1 - 1 .0 wt% Si and have 
good conductivity and hardness. [Therefore] discharge abrasion resistance is 
excellent. On the other hand, Comparative Example Alloy No. 18 has a low Si 
content and therefore, the effect of improving discharge abrasion resistance is 
insignificant. Furthermore, No. 19 has too high an Si content and therefore, 
conductivity is reduced and the amount of wear is increased. No. 20 and 21 do 
not contain Si and therefore, although they have excellent conductivity, the 
amount of wear is high. 

[0014] 

[Results of the invention] 

As previously explained, the copper alloys of the present invention have 
low conductivity but excellent discharge abrasion resistance when compared to 
conventional products. They therefore have a strong effect in terms of improving 
the life of motor switches and various types of contact parts. 

[Brief Description of the Drawings] 

[Figure 1] is a side view of the device for testing wear as a result of 
rotating while conducting electricity in order to investigate discharge abrasion 
resistance. 

[Definition of symbols] 

1 . Test piece 

2. Carbon brush 



[Figure 1] 
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